Traumatic brain injury (TBI) is a leading cause of mortality and morbidity among young people in the western world (1) . Yet, to date, no pharmacological agent has been approved to treat TBI patients. Traumatic and ischemic brain injury triggers a large, transient increase in glutamate efflux in the brain of experimental animals as well as humans (2) (3) (4) (5) (6) (7) . A key role for glutamate activity has been ascribed to the glutamategated N-methyl-D-aspartate receptors (NMDAR) ion (calcium) channel. When glutamate binds at the extracellular side of the receptor along with glycine, binding as a cofactor, the channel is opened, leading to calcium influx into the cell. Excessive glutamate release in the brain (8 -10) is implicated in excitotoxic neuronal death following brain ischemia and trauma, and numerous studies show that competitive or noncompetitive inhibitors of NMDAR improved outcome in animal models of TBI and stroke (10 -12) . Thus, it has long been thought that hyperactivation of NMDAR underlies cognitive and neurological decline after head injury. However, the NMDAR antagonists appeared to be beneficial only within a fairly narrow therapeutic window, such that treatment initiation more than 30 min after injury was no longer protective (10 -12) .
It is generally believed that activity-dependent synaptic processes that modify the strength of hippocampal glutamatergic synapses, known as long-term potentiation (LTP) and long-term depression (LTD), are critical for spatial learning and memory (13) . Such processes are the means by which the hippocampus can regulate the storage of information and require activation of NMDARs (14) . TBI produces chronic cognitive learning/memory deficits that are thought to be mediated, in part, by impaired hippocampal function. Experimental TBI results in a chronic inability of the hippocampal CA1 neurons to maintain synaptic plasticity and LTP (15) (16) (17) (18) , and a significant amelioration of LTP impairment was demonstrated after treatment with cyclosporine A (19) . It is, therefore, suggested that alterations in hippocampal synaptic plasticity may be responsible for learning and memory deficits after TBI.
Recent data from diverse brain injury models, including closed head injury (CHI), middle cerebral artery occlusion, retinal exposure to glutamate, and endotoxin (LPS)-induced neuroinflammation, demonstrate a loss of NMDAR, which is evident a few hours after injury and lasts 24 h or more (20 -25) . Thus, the time of onset and the duration of NMDAR hypofunction, rather than hyperfunction, are important factors determining the outcome of NMDAR blockade. These observations have prompted us to explore the effect of stimulation of NMDAR with the full agonist NMDA at 1 and 2 d after CHI. Indeed, we found that this treatment paradigm resulted in a progressive and significant amelioration of neurological and cognitive deficits, measured 14 d post-injury (20) . Thus, our results fully support the notion that NMDAR activation may prove beneficial to TBI patients.
The present study had two major goals: first, to determine whether CHI leads to impaired LTP and whether it is associated with decline cognitive functions; second, to investigate the effect of D-cycloserine (DCS), a partial agonist of the NMDAR-associated glycine site, on LTP, motor and cognitive function, and neuronal cell death. DCS was selected because it has been shown to improve cognitive function in various animal models (26 -29) . DCS has a good safety profile, and it is already in use in humans in several different indications (30 -33) . These properties could significantly facilitate the clinical application of DCS to human TBI patients.
MATERIALS AND METHODS

Animals and DCS treatment
Male Sabra mice, 8 -10 wk old, (strain of the Hebrew University) were used in the study. Animals were maintained and treated according to the regulations of the Animal Care Committee of the Hebrew University. Food and water were provided ad libitum. D-cycloserine (Sigma, St. Louis, MO, USA) was dissolved in saline and intraperitoneally (i.p.) injected (10 mg/kg, 100 l/10gr) 24 h post-injury. Vehicle (saline) was i.p. injected in control CHI mice.
Trauma model
CHI was induced under ether anesthesia, confirmed by loss of pupillary and corneal reflexes, using a weight-drop device as described previously (12, 34, 35) . Briefly, after induction of isoflurane anesthesia, a midline longitudinal incision was performed, the skin was retracted, and the skull was exposed. The left anterior frontal area was identified and a tipped Teflon TM cone was placed 1 mm lateral to the midline, in the midcoronal plane. The head was fixed and a 75 g weight was dropped on the cone from a height of 18 cm, resulting in a focal injury to the left hemisphere. After trauma, the mice received supporting oxygenation with 95% O 2 for no longer than 2 min and were then brought back to their cages. Sham mice were anesthetized, their scalps were incised, but trauma was not induced. Normal body temperature was maintained throughout the whole period of anesthesia.
Neurobehavioral evaluation
Neurological recovery
Mice were evaluated by a blinded examiner, using a set of 10 tasks, collectively called Neurological Severity Score (NSS, see Fig. 1A ), which tests reflexes, alertness, coordination and motor abilities. One point is awarded for failure to perform a particular task; thus a normal mouse scores 0 (34). NSS was evaluated at 1h (NSS1h) to define severity of injury, and then every other day during 22 d. The extent of recovery was calculated as the difference between NSS1h and that at any other time, as shown: ⌬NSS ϭ NSS (1h) -NSS (24h).
Recognition memory
Object recognition test (ORT) which tests memory function (36, 37) was performed by a blinded evaluator on days 3, 9 and 16 after CHI as described (20) . Mice were placed in a test-cage with two identical objects and the cumulative time spent by the mouse at each of the objects was recorded during a 5 min interval. Four hours later, the mice were reintroduced into the cage, where one of the two objects was replaced by a new one, and the time spent at each of the objects was again recorded. The basic measure is the percent of the total time spent in exploring an object, whereby healthy rodents spend more time exploring a new object than a familiar, i.e., "memorized" object.
Electrophysiology
Coronal hippocampal slices (300 -400 m) were prepared from sham, CHI-vehicle or CHI-DCS male Sabra mice 16 d following CHI. Slices were maintained for at least 2 h in artificial cerebrospinal fluid (aCSF) that contained 126 mM NaCl, 1.2 mM KCl, 1.2 mM NaH 2 PO 4 , 1.2 mM MgCl 2 , 2.4 mM CaCl 2 , 18 mM NaHCO 3 , and 11 mM glucose saturated with 95% O 2 , 5% CO 2 at 25°C. After recovery, slices were submerged and continuously superfused with aCSF at 25°C. Field excitatory postsynaptic potentials (fEPSPs) were recorded from stratum-radiatum of the CA1 region with glass microelectrodes filled with aCSF. Picrotoxin (100 M) was added to the bath solution to block GABA A receptor-mediated inhibitory postsynaptic potentials (fIPSPs). To evoke fEPSPs, Schaffer collateral/commissural afferents were stimulated with 0.1-Hz pulses using steel bipolar microelectrodes at intensities adjusted to produce an evoked response that was 40 -50% that of the maximum-recorded fEPSP for each recording. Following stable baseline (from which the last 10 min are shown), LTP was induced by high frequency stimulation (100 Hz, 1 s duration, 2 trains at 10 s inter train intervals) at the same intensity as the test stimulus, and synaptic responses were monitored for 50 min after LTP. For measuring paired pulse ratio (PPR), paired stimuli were given with an interstimulus interval of 50 msec, and the ratio between the second and the first amplitude of the fEPSPs was calculated. Data were collected using Multiclamp 700B amplifier (Molecular Devices, CA), filtered at 2 kHz and digitized at 5-10 kHz. Compiled data were analyzed and expressed as the mean percent of fEPSP slope Ϯ S.E.M over the base-line levels. Results in the text and figure are presented as the mean Ϯ sem. Group comparisons were compared using a t test, either paired or unpaired as appropriate; P Ͻ 0.05 was taken as indicating statistical significance.
Immunohistochemistry and Western blot analysis
At 16 d after CHI, a subgroup of injured and sham-operated mice were anesthetized with a lethal dose of anesthetic and perfused via the ascending aorta with PBS followed by cold 4% paraformaldehyde in PBS. Brain tissue was postfixed in the same fixative for 24 h at 4°C and embedded in paraffin, thereafter. Coronal brain sections (6 m thick) were serially taken at 200 m intervals throughout the neuraxis, between -1.06 mm and -2.30 mm from bregma (38) . Correspondent slides with adhered sections were selected for various histological techniques, thereafter, in the following order: immunohistochemistry for astrocytes, microglia, BDNF, and synaptophysin.
Adjacent sections were double stained for BDNF and synapthopysin. In brief, antigen retrieval was performed in citrate buffer (pH.6) and the endogenous peroxidase was blocked with H 2 O 2 (0.3% in PBS). Sections were then incubated in blocking buffer for 1h. Following incubation overnight at 4°C with anti-BDNF antibody (N-20, Santa Cruz), sections were incubated with goat anti-rabbit IgG, Rhodamine-conjugated (Jackson, ImmunoResearch Laboratories, West Grove, PA USA), as a secondary antibody. Following intensive washes, sections were incubated overnight at 4°C with antisynaptophysin mouse monoclonal antibody (Clone SY38, DakoCytomation, Denmark) and goat anti-mouse IgG, FITC -conjugated (Jackson, ImmunoResearch Laboratories), as a secondary antibody, thereafter. In a number of sections, either the first or the second primary antibody was omitted for the detection of non-specific binding of either secondary antibody used.
A series of adjacent sections were then treated with primary antibody against glial fibrillary acidic protein (GFAP) (DakoCytomation, Denmark) and then with goat anti-rabbit (Vector, Burlingame, CA, USA) as secondary antibody. Immunoreactions were visualized with the avidin-biotin complex (Vectastain) and the peroxidase reaction was visualized with diaminobenzidine (DAB) (Vector) as chromogen. In adjacent sections, endogenous biotin blocking was performed by Figure 1 . DCS facilitates motor and cognitive functions after CHI. A) Neurological Severity Score tests reflexes, alertness, coordination, and motor abilities. One point is awarded for failure to perform a particular task; thus a normal mouse scores 0. The extent of recovery is calculated as the difference between NSS at 1 h post-injury and that at any other time: ⌬NSS ϭ NSS (1 h) -NSS (t). NSS at 1 h in the range of 8 -10 reflects severe injury. Mice (nϭ18) were subjected to moderate-severe CHI (NSS1hϭ6.8Ϯ0.4). After 24 h, they were treated with either DCS (10 mg/kg, intraperitoneally) or vehicle (nϭ9/group). NSS was assessed during 22 d thereafter. ⌬NSS ϭ NSS (1 h) -NSS (t) represents functional recovery. *P Ͻ 0.05; # P Ͻ 0.02 vs. vehicle-treated mice, Mann-Whitney test. B) Object recognition (OR) was evaluated on the same mice (nϭ9/ group), on days 3, 9, and 16. Four hours after baseline evaluation (baseline) the mice were reintroduced in the same cages to a novel object that replaced the "familiar" one, and the time spent near each of the objects was monitored (test). Memory impairment of the CHIϩvehicle-treated mice is shown by the inability to distinguish between the novel and "familiar" object. The results of naive animals on day 3 were also included as control. DCStreated mice regained the ability to explore the novel object from day 9 and on. *P Ͻ 0.02; vs. vehicle-treated mice, t test. using the blocking Kit Avidin/Biotin (Vector) and sections were incubated with Lycopersicon esulentum tomato lectin (Sigma) which stains microglia and macrophages. The immunoreactions were visualized with LSAB-2 System-HRP (DakoCytomation, Denmark) and DAB (Vector) was used as chromogen. Sections were finally counterstained with hematoxylin. For all captured images, each square subdivision was counted if it contained at least one labeled element, defined as a labeled cell body and/or its processes. The tissue section, which exhibited the greatest number of either BDNF or synaptophysin positive structures, was selected for statistical analysis (39) . The scores of the areas studied represented subjective assessments of fluorescence intensity and numbers of labeled cells, as follows: 0: no labeling observed in any square subdivision; 1 (ϩ): 1-10 square subdivisions positive; 2 (ϩϩ): 11-20 square subdivisions positive; 3 (ϩϩϩ) (40) . Two independent observers performed all quantitative assessments. In cases where significant discrepancies were seen between the two observers, the evaluation was repeated by a third one. Sections were examined under either light or fluorescent microscope (Zeiss Axioplan 2, Thornwood, NY, USA).
For Western blot analysis, 16 d post CHI, mice were decapitated, the brains removed, and the hippocampus rapidly dissected and frozen in liquid nitrogen. The tissues were homogenized in homogenization buffer containing 320 mM sucrose, 1% SDS, 10 mM Tris-HCl, pH 7.4, 1 mM EDTA, 1 mM EGTA and protease inhibitor cocktail (Sigma). Homogenates were centrifuged at 1000g for 5 min to remove nuclei and large debris and the supernatant and the amounts of protein determined by BCA (Pierce). Equal amounts of protein (50 g/lane) were separated on 15% SDS-PAGE and transferred to a nitrocellulose membrane. The membranes were probed with anti-BDNF (Chemicon, Temecula, CA, USA), and anti-tubulin (Sigma). Immunoreactivity was detected with enhanced chemiluminescence (Pierce, Rockford, IL, USA) and processed using the NIH Image software.
Statistical analysis
Data are expressed as mean Ϯ sem. A commercial statistics package (Graph Pad Prism version 3.03) was used for determining statistical significance. Significance was determined using the nonparametric Mann-Whitney test for ⌬NSS values and one way analysis of variance (ANOVA) followed by student's t tests for ORT results. Paired pulse ratio was compared using Student's t test. Histological and immunohistochemical data were semi quantitative and statistics were used for original data sets. Thus, where appropriate, the Pearson's 2 or Fisher's exact test were applied as mentioned in the text. Analysis of the differences in BDNF levels (densitometric scans normalized to tubulin) from Western blot was performed by Student's t test.
RESULTS
DCS facilitates recovery of motor function
One hour after CHI the NSS was evaluated (see Fig. 1A ) and mice were randomized into two groups such that severity of injury was comparable between the vehicleand DCS-treated mice. Mice with similar initial NSS (mean Ϯ sem 6.78Ϯ0.40, and 6.99Ϯ0.39; nϭ9/group) were then assigned to receive vehicle (saline) or DCS, respectively. Prior to treatment initiation, 24 h after CHI, NSS of both groups was also similar, as expected (6.56Ϯ0.29 and 6.78Ϯ0.36, respectively). Neurological recovery was followed for 3 more weeks, and the trend toward better recovery of the DCS-treated group, seen at day 8, became highly significant at day 15 and 22 (15 d P Ͻ 0.05; 22 d P Ͻ 0.02 vs. vehicle treated mice; Fig. 1A ).
DCS facilitates recovery of cognitive function
DCS treated mice also performed significantly better than vehicle treated controls in the object recognition test from day 9 and at 16 and 23 d after CHI, at a dose which had no effect on performance in naive animals. Both groups of mice spent a similar proportion (ϳ50%) of time exploring two identical objects in an observation cage at baseline. Four hours after baseline exposure to the identical objects, the mice were reintroduced into the cage in which one of the two "old" objects was replaced by a novel object, similar in size, color and material to the original one. The vehicletreated CHI mice spent a similar proportion of their time with the old and new object (Fig. 1B) , with no significant preference for the novel object, while the DCS-treated CHI mice increased their exploration of the novel, compared to the familiar object, such that at day 3 a trend (Pϭ0.1) toward longer exploration time was already noted. From day 9 and on, the DCS-treated mice spent the same proportion of the exploration time at the novel object (ϳ75%) as intact untreated mice, significantly longer than the vehicle-treated animals ( Fig. 1B; PϽ0 .02 vs. vehicle-treated mice).
Impaired LTP following CHI was recovered in DCSinjected mice
Previous studies have shown that TBI results in alteration of synaptic plasticity in the hippocampus that may be responsible for TBI-induced deficits in learning and memory (15, 16, 18, (41) (42) (43) . If the impairment in the object recognition test following CHI and the improved ability of CHI mice to perform this task after DCS injection (Fig. 1B) are due to changes in synaptic plasticity, it is likely that hippocampal long term potentiation (LTP) after CHI will be impaired and that injection of DCS will recover the impaired LTP. Field excitatory post synaptic potentials (fEPSPs) were recorded in the CA1 region of the hippocampus from slices that were prepared from animals 16 d post DCS injection, when maximal recovery in the object recognition test was observed (Fig. 1B) . Recordings were made in sham mice, CHI mice that were injected with vehicle (CHIϩVehicle) and CHI mice that were injected with DCS (CHIϩDCS). When a stable base line was established ( Fig. 2A, traces 1, 3 and 5) , LTP was induced by tetanic stimulation of afferent fibers (Fig. 2B ). The magnitude of LTP in sham slices was 35% Ϯ 0.05 sem while in CHI slices we observed no potentiation ( Fig. 2A,B traces 1,2 vs. 5,6 ). However, in CHIϩDCS slices the magnitude of potentiation recovered to 19% Ϯ 0.08. Thus, LTP that was blunted in CHI mice was partially recovered in DCS injected mice. Although the recovery in the magnitude of LTP in DCS injected mice is most likely due to an enhancement of NMDAR activity by DCS, it is also possible that a change in the presynaptic transmitter release probability may be involved in the modulation of LTP. We thus examined the paired-pulse facilitation (PPF) to assess whether CHI may affect the presynaptic release mechanisms. PPF induced at an interstimulus interval of 50 msec was significantly different between sham and CHIϩVehicle mice or sham and CHIϩDCS mice ( Fig.  2C ; sham 1.45Ϯ0.03; CHIϩVehicle 0.84Ϯ0.01; P Ͻ 0.001, CHIϩDCS mice (sham 1.45Ϯ0.03; CHIϩDCS 0.93Ϯ0.02; PϽ0.001, t test), suggesting that presynaptic release probability is affected by CHI but DCS has no effect on the alterations in presynaptic release probability.
Immunohistochemistry of CA1 hippocampal area
To determine whether DCS affected neuronal or glial cell number or morphology, neuronal degeneration was assessed with FluoroJade B, glial activation with glial fibrillary acidic protein (GFAP) and microglia with lectin in animals sacrificed 16 d post CHI. CHI induced over the frontal cortex, did not lead to neurodegenration at the CA1 area of the injured hippocampus when compared to the contralateral control side (data not shown). DCS treatment had also no effect on neuronal cell morphology either at the injured or contralateral control CA1 area, both in injured and sham operated animals. However, activated astrocytes were detected at the injured CA1 area in both groups of injured animals (Fig. 3C,D) , and DCS did not induce any significant change either in their number or morphology. Activated microglia cells were not detected at the CA1 area in all groups of animals (Fig. 3A,B) . These results suggest that DCS-induced alterations did not involve cell death.
DCS ameliorates CHI-induced reduction of BDNF but not synaptophysin
Since stimulation of NMDAR was shown to increase release of brain-derived neurotrophic factor (BDNF) from hippocampal neurons in culture, and this trophic factor plays a critical role in long-term potentiation (LTP) and affects neuronal survival (44), we stained CA1 area taken from mice 16 d post CHI for BDNF (Fig. 4Ad, g ). In addition, we stained the same area for synaptophysin, a major integral transmembrane protein of synaptic vesicles, which serves as a functional marker of the brain (Fig. 4Ab, e, h ) and the nuclear marker DAPI (Fig. 4Ac, f, i) . Both BDNF expression and synaptophysin immunoreactive presynaptic buttons were dramatically reduced in the injured CA1 areas in either group of animals. However, the number of BDNF positive cells was significantly higher following DCS treatment (Fig. 4Ag; PϽ0 .005 vs. vehicle-treated The averaged time course of LTP in sham (nϭ10 slices, 5 mice), CHIϩVehicle (nϭ12 slices, 7 mice) and CHIϩDCS (nϭ13 slices, 7 mice) mice. Initial fEPSPs slopes were measured, and the values were normalized in each experiment using the averaged slope value measured during the control period (time, Ϫ10 to 0 min). Tetanic stimulation (100 Hz, 1 s, 2 trains 10 s apart) was applied at time 0. C) paired pulse facilitation (PPF) of synaptic responses in the CA1 region was induced by delivering afferent fiber stimulation twice at an interstimulus interval of 50 msec at stimulus intensity of 50% of maximal response. The facilitation ratios were calculated by dividing the amplitude of the second fEPSPs by that of the first fEPSPs. Ten consecutive traces were averaged from each slice, and the averaged amplitude from all slices is presented as mean Ϯ sem (sham, 4 mice, 12 slices; CHIϩVehicle, 5 mice, 13 slices; CHIϩDCS, 4 mice, 16 slices). There was a significant difference in PPF between the sham mice and CHIϩVehicle (sham 1.45Ϯ0.03; CHIϩPBS 0.84Ϯ0.01; PϽ0.001, t test) or CHIϩDCS mice (sham 1.45Ϯ0.03; CHIϩDCS 0.93Ϯ0.02; PϽ0.001, t test). mice), whereas no significant preservation of the synaptophysin immunoreactivity was detected (Fig. 4Ah) . To further support our immunohistochemical findings quantitatively, we performed Western blot analysis on hippocampal homogenates prepared from 16 d post CHI mice and determined the levels of BDNF using specific antibodies. As shown in Fig. 4B , DCS restored the decrease in protein levels of BDNF found in vehicle-treated mice, almost to the levels found in sham untreated mice (PϽ0.05 vs. vehicle treated mice). Taken together, these results suggest that DCS restored CHI-induced reduction of BDNF but did not affect the reduction of synaptophysin, and are in line with our electrophysiological data.
DISCUSSION
The results of the present study show, for the first time to our knowledge, that long-term potentiation (LTP) of synaptic transmission in the hippocampus, which is markedly impaired after CHI can be rescued by DCS, a coagonist of the NMDAR, when given as a single dose even as late as 24 h post-injury. The effect of DCS involves post-synaptic modifications since DCS did not affect the impairment of synaptic release reflected by paired pulse depression seen in CHI mice. The improved LTP was associated with recovery of cognitive function, pointing to the role of declined LTP in impaired cognition after CHI. In addition, DCS treatment significantly facilitated the recovery of motor functions and restored the decreased levels of the neurotrophic factor BDNF.
The present study is based on two observations, made in our previous report (20) , namely: 1) A progressive decrease in the functional NMDAR density occurs between 1 and 24 h post-injury and lasts for at least a week. 2) Administration of the NMDAR agonist NMDA to mice, 1 and 2 d after injury, significantly improves general neurological and cognitive function up to 2 wk. These observations led us to challenge the dogma that hyperactivation of the NMDAR underlies cognitive and neurological impairments after head injury and to propose that stimulation, rather than inhibition of NMDARs in the subacute post-injury phase, will be beneficial to head-injured patients. The present results, thus, not only corroborate our findings on the benefit of NMDAR activation as a treatment, they also point to a possible clinical application of a drug, currently used as "cognitive enhancer" in patients with schizophrenia or Alzheimer's diseases (30, 32) . The current findings fully agree with those of Temple and Hamm (1996) , who showed that daily injections of DCS during 15 d post-injury ameliorated TBI-associated cognitive deficits (26) .
Earlier reports demonstrated that TBI results in a chronic inability of the CA1 hippocampal synapses to maintain synaptic plasticity (15) (16) (17) (18) (19) . Similarly, the present results show that mice, failing to perform in the ORT, also display impaired LTP when recorded in hippocampal slices isolated 14 -16 d after injury. Interestingly, a single dose of DCS, at 24 h after injury, a time of maximal down-regulation of the NMDAR, was sufficient to activate the receptors such as to ameliorate the cognitive function (in vivo) as well as the LTP (in vitro), assessed 2 wk later. It is well established that the induction of hippocampal long-term potentiation (LTP), the leading cellular model of learning and memory, largely depends on NMDAR activation (14) . Therefore, it is reasonable to assume that the recovery in LTP following DCS injection reflects the improvement in the functionality of NMDARs and can be thought as the underlying molecular basis for the improved hippocampal-related cognitive function. As was previously reported using a fluid percussion injury model (45) , TBI resulted in impairment in synaptic release machinery measured by PPR 14 d following injury. Further, TBI induced a remarkable decrease in the presynaptic protein synaptophysin, a synaptic vesicle membrane protein that participate in the fusion of synaptic vesicles to the presynaptic membrane (46) . However, in DCS injected mice both PPR and the levels of synaptophysin remained unchanged, suggesting that DCS effects are mainly postsynaptic. However, since the magnitude of LTP measured in DCS treated mice did not recover to control sham levels, we cannot exclude the possibility that damage to the presynaptic inputs contributes to the impaired LTP in CA1, which results in a partial recovery of LTP in DCS injected mice. Further, LTP, as indicated by a change in the fEPSP slope, can occur from several mechanisms, which are NMDAR-independent, and may be augmented by other factors. Therefore, we are currently conducting an in depth investigation to reveal the underlying molecular mechanism by which DCS leads to the recovery of LTP.
Brain derived-neurotrophic factor (BDNF) belongs to the neurotrophin family and regulates the survival, differentiation, and maintenance of function in different neuronal populations (44, 47) . BDNF is a critical regulator of transcription-dependent adaptive neuronal responses, such as LTP (48, 49) . Earlier studies have shown that activation of NMDARs lead to increased expression of BDNF (50, 51) . This effect appears to involve neuronal rather than astrocytic release of BDNF (52, 53) . Therefore, the results of the present study raise the following hypothesis as for the consequences of DCS injection; first, DCS activates NMDARs and as a result improves channel function, either by increasing the number of channels on the membrane or increasing the activity of existing channels, or both. Second, increased NMDARs channel activity leads to an increase in BDNF levels, which initiates a positive feedback loop to further enhance the function of hippocampal NMDARs.
In conclusion, we propose that LTP is one of the mechanisms through which cognitive performance is impaired after CHI, and that activation of NMDAR at the subacute phase may rescue their function. The extended loss of NMDAR function provides a therapeutic window of at least 24 h for the treatment of cognitive and neurological deficits after head injury and may offer benefit to brain-injured patients.
